Abstract-The Antihypertensive and Lipid-Lowering treatment to prevent Heart Attack Trial (ALLHAT) provides a unique opportunity to compare the long-term relative safety and efficacy of angiotensin-converting enzyme inhibitor and calcium channel blocker-initiated therapy in older hypertensive individuals. Patients were randomized to amlodipine (nϭ9048) or lisinopril (nϭ9054). The primary outcome was combined fatal coronary heart disease or nonfatal myocardial infarction, analyzed by intention-to-treat. Secondary outcomes included all-cause mortality, stroke, combined cardiovascular disease (CVD), end-stage renal disease (ESRD), cancer, and gastrointestinal bleeding. Mean follow-up was 4.9 years. Blood pressure control was similar in nonblacks, but not in blacks. No significant differences were found between treatment groups for the primary outcome, all-cause mortality, ESRD, or cancer. Stroke rates were higher on lisinopril in blacks (RRϭ1.51, 95% CI 1.22 to 1.86) but not in nonblacks (RRϭ1.07, 95% CI 0.89 to 1.28), and in women (RRϭ1.45, 95% CI 1.17 to 1.79), but not in men (RRϭ1.10, 95% CI 0.92 to 1.31). Rates of combined CVD were higher (RRϭ1.06, 95% CI 1.00 to 1.12) because of higher rates for strokes, peripheral arterial disease, and angina, which were partly offset by lower rates for heart failure (RRϭ0.87, 95% CI 0.78 to 0.96) on lisinopril compared with amlodipine. Gastrointestinal bleeds and angioedema were higher on lisinopril. Patients with and without baseline coronary heart disease showed similar outcome patterns. We conclude that in hypertensive patients, the risks for coronary events are similar, but for stroke, combined CVD, gastrointestinal bleeding, and angioedema are higher and for heart failure are lower for lisinopril-based compared with amlodipine-based therapy. Some, but not all, of these differences may be explained by less effective blood pressure control in the lisinopril arm. Key Words: antihypertensive therapy Ⅲ hypertension, detection and control Ⅲ calcium channel blockers Ⅲ angiotensin-converting enzyme Ⅲ cardiovascular diseases Ⅲ stroke Ⅲ heart failure T he success in the management of hypertension and prevention of its sequelae is owed, in part, to the many antihypertensive drugs available to physicians and patients. By the early 1990s, all of the classes of antihypertensive drugs were shown effective in lowering blood pressure (BP), but few morbidity and mortality efficacy data were available except for thiazide-type diuretics and ␤-blockers. Angiotensin-converting enzyme (ACE) inhib-
T he success in the management of hypertension and prevention of its sequelae is owed, in part, to the many antihypertensive drugs available to physicians and patients. By the early 1990s, all of the classes of antihypertensive drugs were shown effective in lowering blood pressure (BP), but few morbidity and mortality efficacy data were available except for thiazide-type diuretics and ␤-blockers. Angiotensin-converting enzyme (ACE) inhib-itors and calcium channel blockers (CCBs), both widely prescribed, 1 were compared with diuretics in the Antihypertensive and Lipid-Lowering treatment to prevent Heart Attack Trial (ALLHAT) . 2 The main results of ALLHAT showed that treatment regimens initiated with a diuretic (chlorthalidone), an ACE inhibitor (lisinopril), or a CCB (amlodipine) did not differ in the primary end point of combined fatal coronary heart disease (CHD) and nonfatal myocardial infarction (MI). However, there was a 38% higher risk of heart failure (HF), a component of the cardiovascular disease (CVD) composite end point, among patients assigned to CCB compared with diuretic. For the ACE inhibitor group there was a 10% greater risk of combined CVD events, with a 15% greater risk of stroke (40% in black participants) and 19% greater risk of HF. 2 Chlorthalidone was also more effective than the ␣ 1 -blocker doxazosin in preventing several major cardiovascular outcomes. 3 More effective BP control in the chlorthalidone arm likely contributed to some of the differences in outcomes. 2, 3 Before and during active clinical follow-up in ALLHAT, reports emerged on beneficial effects of ACE inhibitors, such as improved survival and reduced morbidity in patients with HF, left ventricular dysfunction, or CHD, or those at high risk for CHD. 4 -6 On the other hand, in the early mid-1990s, several studies reported unfavorable cardiovascular outcomes with CCBs in patients with CHD or with hypertension and diabetes. 7, 8 In addition, concerns were raised regarding the overall safety of chronic use of CCBs, specifically, increased incidence of cancer 9, 10 and gastrointestinal (GI) bleeding. 11 , 12 The protocol of ALLHAT prespecified 3 comparisons: amlodipine, doxazosin, or lisinopril compared with chlorthalidone. The database from ALLHAT also provides a unique opportunity to compare the long-term relative safety and outcomes of ACE inhibitor-and CCB-based regimens in a randomized double-blind clinical trial setting, although this was not a prespecified comparison.
The purpose of this analysis, therefore, is to compare cardiovascular and other outcomes among 18 102 men and women with high-risk hypertension randomly assigned to the ACE inhibitor lisinopril or the dihydropyridine (DHP) CCB amlodipine. Prespecified subgroups were examined with special emphasis on outcomes in blacks versus nonblacks because of previously reported interactions for several major outcomes with lisinopril. 2 
Methods
ALLHAT participants were men and women, age Ն55 years, with untreated systolic (140 to 180 mm Hg) and/or diastolic (90 to 110 mm Hg) hypertension, or treated hypertension (Յ160/ 100 mm Hg on 1 to 2 antihypertensive drugs at visit 1) with Ն1 additional risk factor for CHD. 13, 14 All of the participants gave written informed consent, and all of the centers obtained institutional review board approval.
The BP goal for all participants was Ͻ140/90 mm Hg, to be achieved by titrating the dose of assigned study drug (step 1) and adding open-label step 2 (atenolol, clonidine, or reserpine) or step 3 (hydralazine) agents when necessary. Other drugs, including low doses of open-label step 1 drug classes, were permitted along with blinded drugs if clinically indicated.
Step 1 drugs were encapsulated and identical in appearance. Dosages were 2.5, 5, and 10 mg per day for amlodipine and 10, 20, and 40 mg per day for lisinopril. After initial monthly titration visits, participants were seen every 3 months in year 1 and every 4 months thereafter. An ECG and blood samples for creatinine, glucose, potassium, and total cholesterol were analyzed centrally at baseline and at annual (potassium) or biennial (ECG, fasting glucose, creatinine, and total cholesterol) visits thereafter.
The primary outcome was a composite of fatal CHD or nonfatal MI. 13 Four major prespecified secondary outcomes were: (1) all-cause mortality, (2) fatal and nonfatal stroke, (3) combined CHD (primary outcomeϩcoronary revascularizationϩhospitalized angina), and (4) combined CVD (combined CHDϩstrokeϩnonhospitalized treated anginaϩHF [fatal, hospitalized, or treated nonhospitalized]ϩperipheral arterial disease [PAD] ). Individual components of the combined outcomes were also examined. Other prespecified secondary outcomes included end-stage renal disease ([ESRD] dialysis, renal transplant, or renal death), cancer, hospitalization for GI bleeding, angioedema, and ECG-left ventricular hypertrophy (LVH). Standardized procedures were used for reporting and validation of study end points. 13, 15 Prespecified subgroups included: (1) men versus women, (2) participants Ͻ65 versus Ն65 years, (3)black versus nonblack participants, and (4) diabetic versus nondiabetic patients. Post hoc subgroups included gender sub- groups by race and the presence or absence of CHD at baseline. The latter was ascertained at the randomization visit as "known prior MI, angina, primary cardiac arrest, coronary artery stenosis Ͼ50%, reversible perfusion defect, or major coronary revascularization procedure."
Statistical Methods
Data were analyzed according to participants' randomized treatment assignments (intent-to-treat analysis). Baseline characteristics and intermediate outcomes were compared across the 2 treatment groups using the z test for continuous covariates and contingency table analysis for categorical data. Cumulative event rates were calculated using the Kaplan-Meier method. Hazard ratios (relative risks [RRs] ) and 95% confidence intervals (CIs) were obtained from the Cox proportional hazards regression model. 16 The Cox proportional hazards regression model assumption was examined using log-log plots and testing a treatment-time (time-dependent) interaction term; if it was violated, the RR estimate from a 2-by-2 table was used. 16 Heterogeneity of effects in the subgroups was examined by testing for treatment-covariate interaction with the Cox proportional hazards regression model by using PϽ0.05. In this post hoc comparison of lisinopril versus amlodipine, it is noteworthy that with a CHD event rate combined across arms of (796ϩ798)/ (9054ϩ9048)ϭ0.08806, the power to detect a 20% reduction for one arm relative to another is well over 99% if no multiple comparison adjustment is used, and it is Ϸ99% if the same adjustment that was used for comparisons with chlorthalidone in the main trial analysis 2 is used for comparisons among active arms, as suggested by Proschan. 17
Results
Detailed baseline characteristics were reported previously. 2, 14 Table 1 shows some of the major baseline characteristics by race and gender. For several characteristics, blacks and nonblacks are clearly different, but none differed significantly between the 2 treatment groups. Mean length of follow-up was 4.9 years for both treatment arms. At trial closeout, 258 (2.8%) of the amlodipine group and 276 (3.0%) of the lisinopril group had unknown vital status. Among these, the distribution of baseline factors was similar for the 2 groups. Of the expected follow-up visits, 84% to 87% were completed by years 4 and 5, 2% to 3% less in the lisinopril compared with the amlodipine arm. 2
Intermediate Outcomes

BP
Mean seated BP at randomization was 146/84 mm Hg in both groups. Changes in BP during follow-up by race and gender are shown in Figure 1 and average follow-up BPs in Table 1 . During follow-up, BP decreased progressively, but the average follow-up BP remained higher by 1.5/1.1 mm Hg in the lisinopril compared with the amlodipine arm. Among prespecified subgroups, in both male and female nonblacks, the 2 treatments rapidly decreased BP, remaining somewhat higher in the lisino- pril arm (0.0/0.5 mm Hg in men and 1.3/0.9 mm Hg in women). In contrast, in blacks, the BP decreased less for both treatment arms than in nonblacks and remained higher in the lisinopril arm compared with the amlodipine arm: by 4.3/1.8 mm Hg at year 2 and 2.4/1.1 mm Hg at year 4 in the black women for an average follow-up BP difference of 3.9/2.1 mm Hg and 2.6/1.7 mm Hg at year 2 and 0.8/1.0 mm Hg at year 4 in the black men for an average follow-up BP difference of 2.7/ 1.6 mm Hg ( Figure 1 and Table 1 ). The 2 treatments showed only minor differences (Յ1 mm Hg higher in the lisinopril arm) in the 2 age subgroups, in nondiabetics, and in the patients with CHD at baseline. In diabetic subjects, the systolic BP remained higher by 1.4 to 2.0 mm Hg in the lisinopril arm.
In the amlodipine group, 87.6% of participants were taking amlodipine or another CCB at year 1 and 80.4% at year 5. 2 Persistence on allocated treatment was significantly lower in the lisinopril group (82.4% and 72.6% at years 1 and 5, respectively). 2 In the subgroups, women and blacks in the lisinopril arm showed the lowest (71% and 70%) persistence on allocated treatment. The diabetic participants showed similar persistence (78% and 77%) for the 2 treatments. The average number of antihypertensive medications ( Figure 1 , below diastolic BP plots) at years 2 and 4 were 1.5 and 1.7 in the amlodipine arm and 1.7 and 1.9 in the lisinopril arm (PϽ0.001 lisinopril versus amlodipine).
Blood Glucose, LVH, and Glomerular Filtration Rate
Changes in fasting cholesterol and potassium showed only minor differences between the 2 treatment arms ( Table 2) . Among individuals classified as normoglycemic at baseline, 11.5% and 13% progressed into in the impaired fasting glucose range (6.1 to 6.9 mmol/L), and another 9.4% and 10.4% progressed to new-onset diabetes by year 4, not significantly different by treatment. However, among those wwith impaired fasting glucose at baseline, during follow-up, more patients on amlodipine versus lisinopril stayed in this range, and more progressed to diabetes.
ECG-LVH at baseline was present in 5% of participants. Over 4 years of follow-up, ECG-LVH tended to decrease with no difference between the 2 treatment arms. Estimated glomerular filtration rate (GFR) decreased over 4 years of follow-up, significantly more so in the lisinopril versus amlodipine arm.
Primary and Secondary Outcomes
For the primary outcome of nonfatal MI and fatal CHD and the secondary outcomes of all-cause mortality and combined CHD, event rates were similar for the 2 treatment arms (Table  3 and Figure 2 ). The predefined subgroups also showed no significant differences for CHD (Figure 3 ). For cause-specific mortality (data not shown), rates also did not differ, with 6-year rates per 100 persons for cardiovascular death of 8.5 in both arms and for noncardiovascular death of 8.0 per 100 persons in the amlodipine arm compared with 8.6 per 100 persons in the lisinopril arm.
For 2 major secondary outcomes, stroke and combined CVD, the 2 treatment arms did differ. Stroke rates were significantly higher (RRϭ1.23; 95% CI, 1.08 to 1.41) in the lisinopril arm. This treatment effect was consistent across subgroups by age and diabetic status but not by race and gender ( Figures 3 and 4) . Both male and female blacks showed increased stroke rates on lisinopril compared with amlodipine ( Figure 4 ): ϩ52% in male and ϩ48% in female participants. Female nonblacks also suffered more strokes on lisinopril versus amlodipine (ϩ41%) but not male nonblacks (Ϫ10%), and nonblacks showed a significant (Pϭ0.02) interaction for treatment and gender (Figure 4) . However, the 3-way interaction term included in the full model (treatmentgender-race) is nonsignificant (Pϭ0.112). With only the 2-way interaction terms included in the full model, treatment-gender is not significant (Pϭ0.110), whereas treatment-race remains significant (Pϭ0.025). Combined CVD was modestly higher in the lisinopril arm (RRϭ1.06; 95% CI, 1.00 to 1.12; Pϭ0.047). Across subgroups, no significant interactions were found ( Figure  3 ). Individual components of the combined CVD outcome showed a variable pattern. Both all HF and hospitalized/fatal HF were significantly lower in the lisinopril arm across subgroups ( Figure 3 ). This difference did not emerge until 3 years of follow-up when the rates started to diverge (Figure 2 ). In contrast, hospitalized angina rates and rates for PAD were marginally (PϽ0.05) higher in the lisinopril arm. Coronary revascularization rates did not differ. These patterns were consistent across subgroups (data not shown). Table 4 shows the major outcomes in patients with versus without CHD at baseline. In both subgroups, stroke rates were increased (by 31% [Pϭ0.05] and 21% [Pϭ0.04]) on lisinopril versus amlodipine. In the subgroup with CHD at baseline, the 2 treatment arms showed no significant differences in rates for the other outcomes. In the subgroup without CHD at baseline, the lisinopril arm showed significantly higher rates for angina and PAD, whereas the amlodipine arm showed higher rates for HF. However, there were no significant interactions between treatment (lisinopril versus amlodipine) and CHD history (yes versus no) for any of these outcomes.
To assess possible differences in the severity of the strokes, MIs and the HF between the 2 treatment arms, case fatality rates were evaluated. Cumulative mortality was high after all 3 events, reaching Ϸ40% after 5 years, but did not differ for the 2 treatment arms (data not shown).
Other Secondary Outcomes
Six-year rates for all cancers were 10.0Ϯ0.4 and 9.9Ϯ0.4 in the amlodipine and lisinopril treatment groups, not significantly different for the whole group or any of the subgroups. Rates for ESRD were also similar (2.1Ϯ0.2 versus 2.0Ϯ0.2) with no obvious differences in the subgroups. In contrast, 6-year rates of hospitalization for GI bleeding were significantly higher on lisinopril versus amlodipine (9.6Ϯ0.4 versus 8.0Ϯ0.4; Pϭ0.004), consistent across the subgroups ( Figure  3) . Use of aspirin at baseline did not influence the difference in nonblacks, but in blacks on aspirin, the impact of lisinopril tended (Pϭ0.187 for interaction) to be more marked (10.3 versus 6.8%; Pϭ0.03) than in blacks not on aspirin (8.7% versus 7.6%; Pϭ0.23). Angioedema was reported in 38 patients in the lisinopril arm versus 3 in the amlodipine arm (PϽ0.001). Of these, 23 versus 2 occurred in blacks and 15 versus 1 in nonblacks (both PϽ0.001).
Discussion
In the high-risk hypertensive population in ALLHAT there is no apparent difference in the efficacy of treatments based on the ACE inhibitor lisinopril, and the DHP-CCB amlodipine, for the primary outcome of fatal CHD plus nonfatal MI (RRϭ1.01; 95% CI, 0.91 to 1.11). Across the major prespecified subgroups, the ratio showed only minor variations: in nonblacks with equivalent BP control, the RR was 0.97, whereas in blacks with higher BPs on lisinopril, the RR tended to be higher (1.09; 95% CI, 0.92 to 1.30). Our observations are consistent with the overview by the Blood Pressure Lowering Treatment Trialists' Collaboration (BPLTTC) of 6 trials of ACE inhibitors versus CCBs mainly in nonblacks, showing no treatment differences in this outcome between these 2 classes of antihypertensive treatments. 18 In contrast, the major prespecified secondary end point of stroke did show significant differences between the 2 treatment arms. Across the major prespecified subgroups, this difference in stroke rates was particularly evident in blacks and in women. Compared with amlodipine, the RR of lisinopril for stroke in blacks was 1.51 (95% CI, 1.22 to 1.86) compared with 1.07 (95% CI, 0.89 to 1.28) in nonblacks and in women 1.45 (95% CI, 1.17 to 1.79) compared with 1.10 (95% CI, 0.92 to 1.31) in men. This observed benefit of amlodipine over lisinopril for stroke can be attributed at least in part to its better BP-lowering effect. This difference in BP was most pronounced in black women. A meta-analysis of 61 observational studies suggests that an average systolic BP difference of 4 mm Hg could account for about a 10% reduction in stroke mortality. 19 However, the slope for BP versus stroke may be more steep in the high-risk blacks studied in ALLHAT. 
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Chinese hypertensive patients show a steeper relationship between BP and stroke rates compared with Western populations. 20 The Felodipine Event Reduction (FEVER) Study enrolled Chinese patients, and an average BP difference of 4.2/2.1 mm Hg was associated with a 27% difference in stroke rates, 21 considering also the 95% CI (0.60 to 0.89) consistent with the findings in blacks in ALLHAT. On the other hand, in nonblack women, BP may not explain the higher (ϩ37%) stroke rates on lisinopril versus amlodipine, because the average systolic BP between the 2 treatment arms differed by only 1.3 mm Hg. The beneficial findings in stroke for amlodipine over lisinopril are consistent with a trend toward a CCB-ACE inhibitor difference for stroke in the BPLTTC meta-analysis. 18 Considering also the results from the monotherapy arm in Perindopril PROtection aGainst REcurrent Stroke Study (PROGRESS), 22 the ALLHAT find- Combined CVD is a composite end point that includes components rather dissimilar in terms of clinical importance. Some of the components were discussed above. HF, a clinically important component of the CVD composite outcome with high case-fatality rate, showed a statistically significant greater risk with amlodipine versus lisinopril. This difference was not apparent until after the third year of follow-up. The delayed separation of the treatment HF curves is similar to the results reported in Valsartan Antihypertensive Long-term Use Evaluation (VALUE) for the comparison of the angiotensin receptor blockers valsartan and amlodipine. 23 On the other hand, hospitalized angina and PAD, both also components of the CVD composite, were statistically, but marginally, different in favor of amlodipine over lisinopril.
Based on results from placebo-controlled trials such as Heart Outcomes Prevention Evaluation Study 6 or European Trial on Reduction of Cardiac Events with Perindopril in Stable Coronary Artery Disease (EUROPA), 24 it is commonly assumed that In a post hoc analysis of ALLHAT, no significant interactions were noted for the 2 treatments for patients with versus without CHD at baseline. In both HOPE and EUROPA, modest but clinically important (see above) differences in BP between the ACE inhibitors and placebo arms were present. In ALLHAT, at equivalent BP control, no evidence for specific benefits by ACE inhibitor-based treatment was found in the patients with CHD. A reassessment of the evidence for special effects of ACE inhibitors in patients with CHD seems overdue. Despite a persistently higher GFR in the CCB group, there was no difference between amlodipine and lisinopril for the prespecified outcome of ESRD. In the ALLHAT cohort, 17.8% of the participants had moderate-to-severe reduction in GFR. 25 The benefits of ACE inhibition in diabetic and other proteinuric renal impairment are well known. 26 However, in an older population, multiple mechanisms may contribute to a low GFR, and the extent of proteinuric renal disease in ALLHAT was not assessed. Moreover, differences in BP control may have offset renal benefits of ACE inhibitor therapy.
There were 975 GI bleeding end points reported among participants assigned to the lisinopril and amlodipine groups, with no differences in the use of aspirin at baseline. However, an (Ϸ20%) excess of GI bleeding was observed among individuals assigned to lisinopril compared with amlodipine. This finding is at odds with the observations by Pahor et al 11 and Zuccala et al. 12 Other investigators 27, 28 have reported observations contrary to those of Pahor et al 11 and Zuccala et al 12 as well. Fogari et al 29 suggest that plasma fibrinogen levels are significantly decreased by treatment with lisinopril, providing a plausible mechanism to explain our observation.
There were a total of 41 reported incident cases of angioedema, with 38 (0.42%) in the lisinopril group and 3 (0.03%) in the amlodipine group. This serious and potentially fatal adverse drug reaction is well known to be associated with the use of ACE inhibitors. In blacks, the rate was 0.72% in the lisinopril group versus 0.26% in nonblacks. One plausible explanation for the excess angioedema in blacks compared with nonblacks may be because of racial differences in the kallikrein-kinin system, which, in blacks, results in greater sensitivity to ACE inhibitor-induced increases in bradykinin. 30 The strength of this study is that the observations reported here are from a randomized group comparison using prospective clinical information on Ϸ83 292 patient years of followup. The total number of events observed in each outcome category were substantially greater than has been reported in similar comparisons, such as Captopril Prevention Project (CAPPP) 31 and Swedish Trial in Old Patients-2 (STOP-2), 32 enabling, therefore, the detection of clinically meaningful differences in the outcome categories of interest. The large sample size represents multiple races, ethnicities, locations, and types of clinics, making the findings reported here quite robust and making this as pure an effectiveness study as could be conducted.
Certain limitations in the comparison warrant discussion. First, the primary hypotheses of ALLHAT were based on comparisons between the diuretic and the 3 newer classes of antihypertensive drugs. However, a head-to-head comparison of any of the other arms in the trial is still valid, involving a sample size greater than has been used in similar head-tohead comparisons. 18, 31 Second, equivalent BP control was not achieved in several major prespecified subgroups, primarily because of insufficient BP response to ACE inhibitor-based therapy in blacks. It is possible that, in blacks, in the absence of a diuretic, the second-step drugs allowed in ALLHAT do not combine well with an ACE inhibitor. In ALLHAT, nonblacks and particularly blacks randomized to amlodipine also had a greater adherence to assigned treatment and needed fewer medications to reach BP treatment goal than those randomly assigned to lisinopril. Overall, the CCB-based treatment proved, therefore, to be superior for BP lowering compared with ACE inhibitor-based treatment.
In conclusion, HF was the only secondary outcome for which the ACE inhibitor showed a superior effect over the CCB. In contrast, for stroke and several more "minor" outcomes (PAD, hospitalized angina, GI bleeding, and angioedema), the CCB was superior to the ACE inhibitor. For male and female blacks, less effective BP control by the ACE inhibitor-based regimen may play a significant role in the higher stroke rates, but this is less likely for female nonblacks. Because there were differences in opposite directions (mainly stroke and HF), the drug choice in a given patient should depend on how the clinician and patient assess the absolute risks and the importance of reducing those risks. 33 
Perspectives
The long-term relative safety and efficacy of CCBs as a class have been the subject of many reports in the literature and discussions in regulatory and policy circles and in the lay media. The results that we have presented here highlight the importance of conducting randomized clinical trials, such as ALLHAT. Observational studies are an important method of evidence development to generate hypotheses, which can then be addressed with clinical trials. Researchers, clinicians and others must be cautious in the interpretation and dissemination of the findings from observational studies of drugs, lest otherwise good therapies be lost. One should also consider that premature claims of "dangers" of a particular drug (class) in the press may also jeopardize recruitment and retention of patients in ongoing clinical trials studying the drug (class), as was the case for ALLHAT. study centers. This included collection, analysis, and interpretation of the data plus the decision to submit the article for publication. Pfizer Inc, AstraZeneca, and Bristol-Myers Squibb had no role in the design and conduct of the study; the collection, analysis, and interpretation of the data; or the preparation or approval of the article. The 
